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The objective of this study was to determine the effect of a
vertically integrated curriculum intervention on the geriat-
ric knowledge and performance in clinical skills of third-
year medical students. This observational cohort study
conducted at the University of Michigan Medical School
evaluates the performance of 622 third-year medical stu-
dents from the graduating class years of 2004 through
2007. An integrated curriculum intervention was developed
and implemented for the class of 2006. Its elements includ-
ed identification and tracking of geriatric learning outcomes
in an individualized Web-based student portfolio, integra-
tion of geriatric content into preclinical courses, develop-
ment of a geriatric functional assessment standardized
patient instructor, and an experience in a geriatrics clinic
during the ambulatory component of the third-year internal
medicine clerkship. Medical student performance was
assessed on a geriatric knowledge test and during a geri-
atric functional assessment station administered during an
Observed Structured Clinical Examination (OSCE) at the
beginning of the fourth year. Student performance on the
geriatric functional assessment OSCE station progressively
improved from pre-intervention performance (mean
performance  standard deviation 43  15% class of 2005,
62 1 15% class of 2006, 78  10% class of 2007; analysis
of variance, Po.001). Similarly, student performance on
the geriatric knowledge test was significantly better for the
classes of 2006 and 2007 than for the class of 2005 (model F
ratio 5 4.72; Po.001). In conclusion, an integrated ap-
proach to incorporating new educational geriatric objec-
tives into the medical school curriculum leads to significant
improvements in medical student knowledge and in impor-
tant clinical skills in the functional assessment of older pa-
tients. J Am Geriatr Soc 55:1650–1655, 2007.
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Many of the Liaison Committee on Medical Education(LCME) educational objectives pertaining to knowl-
edge, skills, behaviors, and attitudes required as standards
for accreditation of medical education programs are not
covered in discrete courses but rather are presented
throughout the entire 4-year undergraduate medical edu-
cation curriculum. The distributed nature of this content
imposes a number of challenges, including student identi-
fication of this content and the appropriate evaluation of
student performance. Similar challenges exist in evaluating
the outcomes of curricular changes that are intended to
improve students’ knowledge, skills and attitudes related to
the educational objectives of distributed content.
In recognition of the aging demographic imperative and
the ensuing changes in medical practice, several educational
initiatives have recently been undertaken to expand the
content of geriatric education in medical school curricula.1
The University of Michigan (UM) Medical School received
a 4-year grant from the D.W. Reynolds Foundation,
‘‘Comprehensive Program to Strengthen Physicians’ Train-
ing in Geriatrics,’’ in 2001. The stated goal of the grant’s
undergraduate medical education component was that
‘‘every UM medical student will be expected to demonstrate
proficiency in core competencies that pertain to the care of
older individuals as a requirement for graduation.’’
An integrated 4-year curriculum intervention and sev-
eral innovative strategies to evaluate the outcomes of the
intervention were developed. The incremental introduction
of the new elements of the curriculum began with the grad-
uating class of 2006 when they entered as first-year students
(M1) in academic year 2002/03. This permitted evaluation
of a pre-intervention cohortFthe classes of 2004 and
2005Fthat provided baseline measures of performance.
The objective of this study was to determine whether an
integrated approach to incorporating new educational ob-
jectives pertaining to geriatrics into the 4-year medical
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school curriculum could be accomplished and lead to signifi-
cant improvements in medical student knowledge and clinical
skills. Outcomes from 622 M3 students from four student
cohorts (class years 2004 to 2007) that demonstrate consis-
tent, incremental improvements in knowledge of geriatric
medicine and in clinical skills in performing geriatric func-
tional assessments with a standardized patient are reported.
METHODS
Pre-Intervention Geriatric Curriculum
Before 2002, geriatric content in the preclinical curriculum
included didactic information on aging demographics (life
span and life expectancy), normal aging physiology, and an
introduction to functional assessment including nutritional
assessment presented during an M1 Human Growth and
Development course. There was no specific geriatric con-
tent covered during the third-year clerkships.
Curricular Changes During the Intervention
Table 1 presents a summary of the curricular changes that
were incrementally introduced during the intervention
period that began in the 2002/03 academic year. The class
of 2006 served as the index class for the majority of the
integrated curricular changes that were developed in con-
junction with the Reynolds project.
Preclinical Years
The attitudes, knowledge, and skills needed to care for older
adults derived from the American Geriatrics Society’s (AGS)
recommendations (available at www.americangeriatrics.org/
education/competency.shtml) were used to develop an
individualized Web-based geriatrics portfolio.2 Students
received clearly stated learning objectives pertaining to the
acquisition of the core competencies in geriatrics expected
for their graduation during a presentation that occurred in
the first week of the M1 year and were expected to review
their portfolio content periodically throughout the 4 years.
In parallel with the portfolio development, a compre-
hensive review of the preclinical curriculum was completed
to identify opportunities for integrating geriatric-specific
content into existing courses. For example, a lecture on
cardiovascular aging was added to the second-year cardi-
ology organ system course, and age-specific content was
emphasized in the pharmacology course. Other courses
opted to highlight geriatric aspects of their content by way
of a multidisciplinary case presentation that focused on an
older patient.
Acquisition of the skills required for geriatric functional
assessment was a special addition to the preclinical cur-
riculum. Geriatrics faculty, together with faculty and staff
from the medical school’s standardized patient program,
created a geriatric functional assessment standardized pa-
tient instructor (SPI) experience. The SPI development and
validation of the checklist used to provide feedback to M1
students (from the class of 2006) and M2 students (from the
class of 2007 and subsequent years) has been previously
described.3 The SPI was presented as an educational op-
portunity to teach the skills of geriatric assessment (review
activity of daily living (ADL) and instrumental activity of
daily living (IADL) function; screen for falls, cognitive im-
pairment, and depression; and a gait and mobility assess-
ment) using an inpatient scenario.
M3 Internal Medicine Clerkship
Two initial additions were made to the M3 internal
medicine clerkship experience (beginning with the class of
2005) to enhance the geriatrics clinical experience. First,
students were required to submit a written history, physical,
and assessment of an older patient they encountered in an
outpatient clinic setting with one of many possible geriatric
syndromes listed in the portfolio. An on-line geriatrics
course was created using Course ToolsFa virtual classroom
platform developed at UM for on-line course management.
The assignment was submitted to a geriatric medicine
faculty attending physician functioning as a Web-based
geriatrics consultant who reviewed and graded the assign-
ment and then notified the student that the edited version
with their comments was available for review on the Course
Tools site. Second, a geriatrician faculty member met with
all of the students during their required 4-week inpatient
rotation at the Department of Veterans Affairs (VA) Ann
Arbor Healthcare System (n 5 12–16) for 1 hour each week
for geriatrics chief rounds. A student would present a patient
he or she had evaluated with a particular geriatric syndrome
or condition to the faculty chiefFgenerally at the patient’s
bedsideFand then the patient’s case would be reviewed as a
group in a small conference room setting.
For the class of 2006, a medical school–wide initiative
began using personal digital assistants (PDAs) to record
information about patient encounters the students had
throughout the M3 clerkship experience. As part of this
project, a geriatric patient template was created to parallel
the geriatric syndromes and clinical conditions listed
as knowledge areas in the basic competencies published
by AGS. A pull-down menu listing these 13 conditions
was created to record the patient’s geriatric diagnosis, and
a menu that listed assessment tasks (e.g., assess ADLs,
perform a cognitive test, or assess gait with the timed up and
go test) was also developed. Students were asked to record
this information for any patient they evaluated aged 65 and
older during the M3 clerkship. These data were uploaded
into the students’ individualized Web-based geriatrics
portfolios when they synchronized their PDAs. This
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Third-year internal medicine clerkship
On-line course   
Geriatric chief rounds   
Personal digital assistant patient
encounter tracking
 
Geriatric clinic experience 
CURRICULUM INTERVENTION IMPROVES KNOWLEDGE AND SKILLS 1651JAGS OCTOBER 2007–VOL. 55, NO. 10
system allowed students to use their portfolios to monitor
the number and nature (by syndrome or condition) of the
geriatric patients they had evaluated.
One additional change occurred for the class of 2007. A
geriatric medicine clinic experience was for the first time
provided for every M3 student during the ambulatory med-
icine component of the clerkship. Students were asked to
perform elements of the geriatric assessment with patients
they evaluated in geriatrics clinic with feedback provided
from the geriatrics faculty attending physician.
Evaluation Instruments
Clinical Skill Assessment
The geriatric functional assessment SPI was modified and
incorporated as a station in the medical school’s multista-
tion comprehensive clinical assessment (CCA)Fan objec-
tive standardized clinical examination (OSCE) given to
students at the beginning of the M4 year. The clinical sce-
nario was similar except that the setting was an ambulatory
outpatient clinic. Students are required to achieve an overall
passing grade for the OSCE, as well as a passing score for
each of its stations, to graduate. Students were evaluated
using a task item checklist containing 17 items that cap-
tured performance in history taking (asking about ADLs,
IADLs, falls, and memory impairment), noting the need for
special communication items (vision and hearing), and per-
forming a gait assessment. The checklist is presented in
Appendix 1. Students were also evaluated for their ability to
communicate effectively with older adults using a commu-
nication item list that was the same for all OSCE stations.
The trained standardized patient scored checklist items us-
ing a 3-point Likert scale (0 5 not done, 1 5 needs im-
provement, 2 5 done well), and a total score for the 17 task
items was calculated and converted to a percentage. The
geriatric functional assessment station was included as a
pilot for the class of 2005, and their performance was not
included in their overall OSCE performance rating, al-
though the students were not aware that this station was a
pilot during their OSCE experience. In the pilot year, there
was no passing score established. In subsequent years, the
station was made a standard required component of the
OSCE, with the passing score for the task items set (using
the Hofstee method with input from all members of the
CCA Committee) at 50% for the class of 2006 and 61% in
for the class of 2007.
Knowledge Assessment
The UCLA Geriatrics Knowledge Test for Medical Students
was used to measure geriatric knowledge levels.4 This test
has 18 items (8 true/false questions and 10 multiple-choice
questions) and has been well validated for use by medical
students.5 Scores are percentage correct. In the original
cross-validation studies, the mean performance score for
M3 students was in the range of 64% to 69%. Performance
on the knowledge test was assessed at the end of each
12-week internal medicine clerkship rotation.
The University of Michigan institutional review
board approved the medical student evaluations reported
in this study.
Statistical Analysis
One-way analyses of variance (ANOVAs) were used
explore differences in the scores of the OSCE geriatric
functional assessment station according to class year.
Tukey-Kramer honestly significant difference (HSD) with
a global P 5.05 was used for post hoc means comparisons.
One-way ANOVAs were also used to explore differences
according to year for postrotation knowledge scores.
Tukey-Kramer HSD with a global P 5.05 was used for
post hoc means comparisons.
A standard least squares regression analysis was
performed to examine the influence of year, rotation, and
the interaction between year and rotation on postrotation
knowledge scores. In subsequent analyses, one-way
ANOVAs examined postrotation scores according to year,
rotation period, and rotation period within year (mean




Six hundred twenty-two UM medical students who com-
pleted a third-year internal medicine clerkship during the
timeframe ranging from the academic year 2002/03 to
2005/06 (class years of 2004 to 2007) participated in this
evaluation. Demographically, this sample of students is
composed of 44% women and 16% underrepresented
minority students.
Geriatric Functional Assessment OSCE Station
Performance According to Class Year
Results summarizing student performance in the geriatric
functional assessment station during the OSCE examination
for the class years of 2005, 2006, and 2007 are shown in
Figure 1. For comparison, student performance for the entire
11-station OSCE was 73  13% for the class of 2006 and
76  6% for the class of 2007. There was a statistically sig-
nificant improvement in the station score across each
of these class years. Thirty-three students from the class of
2006 scored below the 50% passing level; all but one of these
achieved a passing score during a remediation examination
For the class of 2007, when the passing level was established
at 61%, 17 students failed to achieve a passing score.
Knowledge Scores According to Class Year
The average postrotation knowledge test performance re-
sults for each of the four cohorts of academic years (class
years 2004 through 2007) are shown in Figure 2. The over-
all performance of the class of 2006 was significantly higher
than the class of 2004, and the overall performance of the
class of 2007 was significantly higher than the classes of
2004 and 2005. Individual student performance on the M3
knowledge test and the OSCE Geriatric Functional Assess-
ment station were compared for the class years of 2005 and
2006. There was no statistically significant relationship
identified for the class of 2005 (correlation coefficient
(r) 5 0.04; P 5.64). For the class of 2006, there was a pos-
itive linear relationship identified between these two mea-
sures of performance (r 5 0.25; P 5.004).
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DISCUSSION
The majority of older adults currently receive their medical
care from nongeriatricians. Given the substantial growth
expected in the population aged 65 and older6 and the pre-
dicted decrease in the number of geriatricians over the next
several decades,7 it is likely that this will continue to be the
case. Many physicians receive little to no education devoted
to geriatrics during their undergraduate or graduate med-
ical training. To address this educational need, in 2001, the
UM Medical School made a commitment to develop and
integrate fully into its curriculum a defined set of core com-
petencies that pertain to the care of older individuals to
achieve a goal that its medical students would demonstrate
proficiencies in these competencies upon graduation. This
vertical curriculum eventually encompassed all 4 years of
medical school. The core competencies were presented to
entering M1 students (beginning with the class of 2006) in
the form of an individualized, Web-based portfolio. The
geriatrics portfolio encompassed the core competencies in
geriatrics that every graduating medical student was ex-
pected to achieve. When compared with the knowledge and
clinical skills performance of M3 students from a pre-in-
tervention cohort (the class of 2004), these results demon-
strate that an incremental, integrated geriatric curriculum
intervention led to significant, incremental improvements in
medical student performance in geriatric knowledge and
clinical functional assessment skills.
The vertically integrated curriculum intervention
encompassed several components. Innovative preclinical
and clinical experiences to expand and enhance the existing
curriculum were implemented. During its first 3 years, the
class of 2006 used a Web-based portfolio to acquisition of
core competencies and encountered additional geriatric
content in the preclinical curriculum, a unique standardized
patient experience that focused on geriatric functional
assessment, and several additions to the M3 internal
medicine clerkship. This combination of curricular changes
resulted in improved performance on a standardized, val-
idated test of geriatric knowledge relative to the pre-inter-
vention cohort’s performance. In addition, beginning M4
students from the class of 2006 demonstrated better history
and physical examination skills that are necessary to iden-
tify important aspects of function in older patients than the
preintervention class of 2005. The functional assessment
OSCE station results suggest that the inclusion of the ed-
ucational SPI in the M2 year resulted in a dramatic im-
provement in clinical skills performance. The subsequent
additional significant improvement in the class of 2007
clinical skills performance may have been due to the
instructional elements added during the M3 clerkship when
a geriatric outpatient clinic experience requirement was
established.
Medical schools have used several models to include
geriatric content or a geriatric experience in their medical
school curricula.1,8 Schools have incorporated a geriatric
clinical clerkship (sometimes as a requirement), a short-
term geriatric didactic course, an infusion of geriatric con-
tent throughout the 4 years of medical school,9 or some
combination of these educational approaches. Previous
studies suggest that a mandatory geriatric clerkship is qual-
itatively perceived as being useful at the end of the rotation,
as well as later, when students were surveyed during their
residency training.10,11 A 1-week geriatric program for M3
students also led to measurable improvements in geriatrics
knowledge.12 The assessment of geriatrics knowledge was
administered before and after the 1-week experience and
consisted of responses to 11 clinical vignettes.
Assessing the vertical curriculum educational approach
is less direct and can be more difficult.13 One study has
shown a positive effect of an integrated geriatrics curricular
model on medical student performance on seven of 20 se-
lected knowledge items.14 The strengths of the current
study are that it used an observational cohort design to
determine student performance in a preintervention cohort
using the identical, validated instrument to assess knowl-
edge across all class year cohorts. Moreover, this study is the
first to report improvements in clinical skills using the con-
text of the objective OSCE administration.
When it was decided not to develop a discrete required
course or geriatrics clerkship, the individualized Web-based
student geriatric portfolio was developed to track the
Figure 1. Student geriatric functional assessment Observed Struc-
tured Clinical Examination station performance. Overall student
performance (means  standard deviations) differed significantly
according to class year; post hoc analyses of the means indicated
significant differences (global Po.05). ANOVA 5 analysis of
variance.
Figure 2. Student knowledge test performance. Average postro-
tation results for the class years of 2004 through 2007 are shown
(means  standard deviations). The performance of the class of
2006 was significantly higher than the class of 2004, and the
overall performance of the class of 2007 was significantly higher
than the classes of 2004 and 2005. Po.05.
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acquisition of the geriatric core competencies across the
vertically integrated curriculum. One advantage of this ap-
proach for content areas like geriatrics that are dispersed
across all 4 years of the curriculum is to convey visibility
equivalent to a discrete course. This approach may be gen-
eralizable to other LCME competencies that are dispersed
throughout the curriculum (e.g., women’s health, comple-
mentary and alternative medicine).
The geriatric curriculum intervention was multifaceted.
As such, it is not possible to determine which of the
multiple new curricular elements or the portfolio tracking
mechanism accounted for the significant improvements in
knowledge and clinical skills that were demonstrated. It is
also important to note that it was not possible to design a
randomized intervention study to test the effect of these
curricular changes and that the observational preinterven-
tion cohort design of the study has potential limitations.
However, the incremental improvement in knowledge and
clinical skills that paralleled the incremental introduction of
new curricular activities and the significant association be-
tween student knowledge and clinical skills performance
suggest that the curricular changes are strongly associated
with the observed improvements. Finally, the study was not
designed to examine whether improved performance in ge-
riatrics knowledge and clinical skills was sustained or if
students incorporated these skills into routine patient care.
Future studies will be necessary to assess the longer-term
effects of interventions of this nature.
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Activities of daily living: Able to . . .
1. Eat
2. Transfer/ambulate
3. Go to the toilet
4. Bathe
5. Dress
6. Groom oneself (brush teeth, hair)




10. Other: telephone, housework, laundry, groceries, finances











Screening for mobility/gait disorder
11. Asked about falls (number in past month, year)
12. Observed gait
13. Performed ‘‘Timed Up and Go Test’’
Cognition
14. Asked about memory
Mini-Cog Test
15. 3-item recallFimmediate registration
16. Distractor: Clock draw, Serial 7s, more history 2–3 minutes
17. 3-item recallFdelayed
Communication
18. Greeted patient warmly, calling him/her by name, not rude
19. Washed his/her hands
20. Never ‘‘talked down’’ to patient
21. Showed interest in patient, not acting bored or uninterested
22. Explained technical terms in plain language
23. Performed examination in an organized manner
24. Facilitated comprehension: spoke clearly, slowly; recognized need for glasses
25. Demonstrated respect for patients’ values and wishes closed and summarized
appropriately
Global assessment
26. On scale of 1 (poor) to 10 (excellent)
Circle your score: 1 2 3 4 5 6 7 8 9 10
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